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Abstract — In recent years power electronic converters are widely used in industrial as well as 
domestic applications for the control of power flow for automation and energy efficiency. Most of the 
time these converters draw harmonic current and reactive power from AC source and causes the 
power quality problems. Recently multilevel power conversion technology has been a very rapidly 
growing area of power electronics with good potential for further developments. For a multilevel 
inverter, switching angles at fundamental frequency are obtained by solving the selective harmonic 
elimination equations in such a way that the fundamental voltage is obtained as desired and certain 
lower order harmonics are eliminated. The most attractive applications of this technology are in the 
medium to high-voltage range. Multilevel inverters have many advantages such as low power 
dissipation on power switches, low harmonic and low electromagnetic interference (EMI) outputs. 
This paper provides a concise review on multilevel inverter and different levels of cascaded H-Bridge 
connection. 
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I. INTRODUCTION: 

Power Electronics inverters are becoming popular for various industrial drive applications. In recent 
year, inverter have been become necessity for many implementations such as motor controlling & power 
system. 

The term harmonics referred to Power quality in ideal world would mean how pure the voltage is, how 
pure the current waveform is in its sinusoidal form Power quality is very important to commercial and industrial 
power system designs. Ideally, the electrical supply should be a perfect sinusoidal waveform without any kind 
of distortion. If the current or voltage waveforms are distorted from its ideal form it will be termed as harmonic 
distortion. This harmonic distortion could result because of many reasons. In today's world, prime importance 
is to derive a method to reduce the harmonic distortion. 



Jinghua et al.intoduced a general multilevel hybrid topology for 5 -level inverter which standardizes and enrich 
the hybrid multilevel inverter topologies. 

Tehrani et al. suggested a novel multilevel inverter model and in this model output voltage waveform for 2, 3, 
4and 5 level are studied and its harmonic content with a low switching frequency is improved, and also this 
model has very small total harmonic distortion and besides a decrease in cost in comparison with a multilevel 
inverter classic NPC. 

After this Chen et al., presented a novel multilevel inverter topology with no clamping diodes and flying 
capacitors and this is achieved by extending a two-level phase leg to five level phase leg with self voltage 
balancing. He suggested this novel topology is more suitable for medium voltage applications with low THD 
requirements. 

After this Colak et al. developed a robustly designed inverter block with mathematical model for SPWM 
modulator to minimize THD ratios of 5 -level cascaded voltage source inverter and compare to other 
conventional models. 

After the 5 -level cascaded multilevel inverter Colak et al. a three-phase 7-level cascaded multilevel inverter 
with phase disposition SPWM control has been presented, achieving output signals with high quality and very 
low THD owing to robustly designed mathematical model of multi -carrier modulator. 
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The main subject of this paper is compare the symmetrical and the hybrid asymmetrical cascade multilevel 
inverters with the same number of levels in the output voltage and also compare the THD of the different level. 

II. INVERTER 

DC to AC inverters is those devices which are used to produce inversion by converting a direct current 
into an alternating current. DC to AC inverters is such devices whose AC output has magnitude and frequency 
which is either fixed or variable. In case of DC to AC inverters the output AC voltage can be either single phase 
or three phases. The magnitude of the AC voltage is from the range of 1 10-380 V AC while the frequencies are 
50 Hz, 60Hz or 400Hz. 

2.1 Block Diagram of DC-AC Inverter: 

The harmonics can be present in any system where inverters are used. The main aim of using an 
inverter is to produce an ac output from the dc source. Theoretically the output voltage waveform is expected to 
be sinusoidal, but in practical terms there is definitely going to be distortions due to harmonics present in the 
system which results into distorted output waveforms. As a result of this, inverters are used in a system in order 
to produce output waveforms which are purely sinusoidal and distortion free. 




Figure 1: Power Electronic Circuit with DC- AC Inverter. 

Figure. 1 shows a circuit showing DC-AC inverter along with filters which are used to reduce the effect 
of harmonics to provide distortion free output ac signal. The front part of the circuit consists of AC to DC 
converters. These AC to DC converters has one ac frequency i.e. the line frequency and it relies on line 
communication for switching. The system also consists of DC to AC inverters which are used to turn on or off 
the power switches. Unlike AC to DC converters in DC to AC inverters, the ac frequency is not the line 
frequency. The figure also shows a voltage control where variable frequency drives are used to control the 
speed of motors and provide variable output voltage. Due to this complex structure, the inverter circuits 
require proper control signals to produce the expected ac output voltage. The figure also shows a filter circuit 
which is used to reduce the harmonics in the system to produce clean sinusoidal output ac voltage. A 
comparator circuit is also employed which compares the output ac voltage with the reference ac voltage. If he 
output ac voltage is more distorted as compared to the reference ac voltage then filter circuits are used again to 
produce the desired clean sinusoidal AC voltage. 

Single Phase Inverters: 

There can be many different topologies that can be used for inverter circuits. Inverter circuits are 
designed differently depending on the way the inverter is intended to be. The figure. 2 shows a single phase 
inverter. 

This single phase inverter consists of four IGBT devices (also called power control devices) where two each 
IGBTs are connected in series with each other. 



n 



Neg 




Figure 2: Single Phase Inverter 

Three Phase Inverters: Similar to the Single Phase Inverters, the Three Phase Inverters also have different 
topologies which can be used. Figure. 3 shows a three phase inverter circuit. 
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Figure3: Three Phase Inverter. 

III. MULTI LEVEL INVERTERS: 

In recent years, most industrial application has begun to medium voltage and megawatt power 
apparatus. It is hard to connect single power semiconductor switch directly to medium voltage & megawatt 
level. Using two-level inverter cause problem under medium voltage and high power condition. For these 
reasons, multilevel inverter has emerged as the solution for working with high voltage levels. There are some 
advantages of multilevel inverter, 1 . Multilevel converters not only can generate the output voltages with very 
low distortion, but also can reduce the dv/dt stresses; therefore electromagnetic compatibility (EMC) problems 
can be reduced. 2. Multilevel converters produce smaller CM voltage; therefore, the stress in the bearings of a 
motor connected to a multilevel motor drive can be reduced. 3. Multilevel converters can draw input current 
with low distortion. 4. Multilevel converters can operate at both fundamental switching frequency and high 
switching frequency PWM. It should be noted that lower switching frequency usually means lower switching 
loss and higher efficiency. But there are some Disadvantages of cascaded multilevel inverter 

i) Communication between the full -bridges is required to achieve the synchronization of reference and the 
carrier waveforms. 

ii) Needs separate dc sources for real power conversions, and thus its applications are somewhat limited. 

Multilevel inverters can be implemented using distributed energy resources such as photovoltaic 's and 
fuel cells. Energy storage devices like ultra capacitors and batteries can also be used with multilevel inverters. 2. 
The multilevel converter can be used as a reactive power compensator can help to improve the power factor of a 
load. 3. Another possible application of multilevel converters is their use in Electric Vehicles (EVs) and Hybrid 
Electric Vehicles (HEVs). 

The multilevel inverters are divided in four basic structures: neutral point clamped (NPC), multipoint clamped 
(MPC), flying capacitor (FC), H-bridge. 

Multi level Inverters are a type of inverters whose construction is similar to the single and three phase 
inverters as explained earlier. The figure.4 shows a multi level inverter which is an extension of single and three 
phase inverters. Here, four IGBT circuits are connected in three different legs and the diodes are connected in 
parallel to each leg in opposite direction. Also, the loads are connected between two IGBT circuits for each leg 
as shown in figure. 
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Figure4: Multi level Inverter 
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3.1 Cascaded H-Bridges Multilevel Inverter (CMLI) 

The cascaded H-bridges multilevel inverter is a relatively new inverter sttucture. A cascaded H-bridges 
multilevel inverter is simply a series connection of multiple H-bridge inverters. Each H-bridge inverter has the 
same configuration as a typical single -phase full-bridge inverter. The cascaded H-bridges multilevel inverter 
introduces the idea of using separate dc sources to produce an ac voltage waveform. Each H-bridge inverter is 
connected to its own dc source V . By cascading the ac outputs of each H-bridge inverter, an ac voltage 

waveform is produced. 

The number of output phase voltage levels in a cascaded inverter is defined by 

m =2s + 1 

where 5 is the number of dc sources. 

For example, a nine-level output phase voltage waveform can be obtained with four-separated dc 
sources and four H-bridge cells. Fig. 5 shows a general single -phase m-level cascaded inverter. 
The phase voltage is the sum of each H-bridge outputs and is given as 

VaN=V d c l+ Vdc2+V dc(S-l) + V dcS 

Because zero voltage is common for all inverter outputs, the total level of output voltage waveform becomes 
2s+\. all dc voltage are assumed to be equal, i.e. 

Vdcl =Vdc2 = = Vdc(s-])=Vdcs =Vdc 
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Fig.5 Single Phase Configuration of an m-Level Cascaded Inverter 

3.1 Operation of CMLI. 

The converter topology is based on the series connection of single-phase inverters with separate dc 
sources. The resulting phase voltage is synthesized by the addition of the voltages generated by the different 
cells. In a 3-level cascaded inverter each single -phase full-bridge inverter generates three voltages at the output: 
+Vdc, 0, -Vdc (zero, positive dc voltage, and negative dc voltage). The resulting output ac voltage swings from 
-Vdc to +Vdc with three levels, -2Vdc to +2Vdc with five-level and -3Vdc to +3Vdc with seven-level inverter 
and so on. The staircase waveform is nearly sinusoidal, even without filtering. 

The idea of "levels" in a cascaded H-bridges multilevel inverter. A cascaded H-bridges multilevel inverter using 
s separate dc sources can produce a maximum of 2s + 1 distinct levels in the output phase voltage. 



IV. SIMULATION DESIGNS AND RESULTS 

i) Simulation diagram of Single Phase Full Bridge 
Inverter 



(V=100v) 
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Fig.6 Single Phase Full Bridge Inverter 

ii) Simulation diagram of single phase Cascaded El- 
Bridge 3- level Inverter (Symmetrical dc source 
V=100V) 
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ii) Simulation diagram of single phase Cascaded El- 
Bridge 5- level Inverter (Asymmetrical dc 
Source V 1= 200v V 2 =100v) 




Fig. 9. Single Phase Cascaded H- Bridge 5- 
Level Inverter 

WAVEFORMS & RESULTS 
i) Waveform of Single Phase Full Bridge 
Inverter (V=100v) 



Fig. 7 Single Phase Cascaded H- Bridge 3- 
Level Inverter 
ii) Simulation diagram of single phase Cascaded El- 
Bridge 5- level Inverter (Symmetrical dc source Fig . 10 Output Voltage Waveform of Single Phase Full 






























































































V=100v) 
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ii) FFT Analysis of Single Phase Full Bridge 
Inverter (V=100v) 









Fundamental [50HjzJ = 127.3 , THD= 45.63% 
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Fig. 8. Single Phase Cascaded H- Bridge 5- 
Level Inverter 



Fig. 1 1 FFT Analysis of Single Phase Full Bridge 
Inverter 
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iii) Waveform of single phase Cascaded H- Bridge vi) FFT Analysis of single phase Cascaded 
3- level Inverter (Symmetrical dc source H- Bridge 5- level Inverter (Symmetrical 

V=100V) dc source V=100V) 
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Fig. 12 Output Waveform of single phase Cascaded 
H- Bridge 3- level Inverter 
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Fig. 15 FFT Analysis of single phase Cascaded 
H- Bridge 5- level Inverter 



iv) FFT Analysis of single phase Cascaded H- vii) Waveform of single phase Cascaded H- Bridge 
Bridge 3- level Inverter (Symmetrical 5- level Inverter (Asymmetrical dc source 

dc source V=100V) V 1= 200v V 2 =100v) 







Fundamental (50Hz) = ig3_S , THD= 2:7.60% 
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Fig. 13 FFT Analysis of single phase Cascaded 
H- Bridge 3- level Inverter 

v) Waveform of single phase Cascaded H- Bridge 
5- level Inverter (Symmetrical dc source 
V=100V) 
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Fig. 16 Output Waveform of single phase Cascaded 
H- Bridge 5- level Inverter 

viii) FFT Analysis of single phase Cascaded 
H- Bridge 5- level Inverter (Asymmetrical dc 
source V 1= 200v V 2 =100v) 

— FFT analysis- 
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Fig. 14 Output Waveform of single phase Cascaded 
H- Bridge 5- level Inverter 



Fig. 15 FFT Analysis of single phase Cascaded 
H- Bridge 5- level Inverter 
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COMPARISION OF THD ANALYSIS OF m-LEVEL INVERTER 



No. Of Levels 


3 rd Harmonic % 


5 th Harmonic % 


7 th Harmonic % 


THD% 


2- Level 


33.34 


20 


14.29 


45.68 


3 -Level 


2.06 


18.11 


15.36 


27.68 


5 -Level 

symmetric-al dc 
source 


7.87 





3.37 


17.69 


5 -Level 

Asymmetr-ical dc 
source 


3.01 





1.29 


15.68 



V. CONCLUSION 

The simulation models are successfully designs & results are taken. The main achievement of 
Cascaded H-Bridge inverter are used for reduction in their total harmonic distortion (THD) and it can be 
observed that with the increase of level a better fundamental output voltage and minimized total harmonic 
distortion (THD). 

*Two level inverter obtained THD is (45.68%) 
*Cascaded H-bridge 3-Level inverter obtained THDS is 

(27.68%) 
*Cascaded H-bridge 5-Level inverter Symmetrical Dc source 

obtained THDS is (17.69%) 
*Cascaded H-bridge 5-Level inverter Symmetrical Dc source 

obtained THDS is (15.68%) 
In the future, the results presented in this paper can also be extended to other hybrid multilevel inverters. 
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